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Previous  studies  have  demonstrated  that  certain  foreign  sub- 
stances injected into  tuberculous animals accumulate in higher  con- 
centrations in tubercles than in normal tissues. 
Bowman,  Winternitz, and Evans by microscopic studies  (1)  found that, in 
experimental  tuberculosis,  trypan blue injected intravenously stained tubercles 
in the liver.  They pointed out the great affinity of giant and epithelioid cells for 
this vital dye which was always found as granules within these cells.  Lewis (2) 
showed that if the cornea of a rabbit is inoculated with a living culture of the 
tubercle bacillus, a progressive lesion results characterized  by an intense conges- 
tion of the conjunctiva.  If the animal is given an intravenous injection of try- 
pan red 24 hours or more after such inoculation, the fluid in the anterior chamber 
of the inoculated eye always becomes colored.  Wells and Hedenburg (3)  have 
demonstrated that iodide of potassium  injected subcutaneouly enters freely into 
tubercles.  Furthermore the proportion  of iodine in such tubercles  is greater  in 
the caseous areas than in the cellular peripheries of the tubercles.  This property 
is believed by them to depend on no specific character or affinity of the tubercle 
itself, for other necrotic tissues also take up more iodine than do normal tissues. 
In previous communications (4,  5)  it has been shown that a  vital 
dye, trypan blue, or iron in the form of its salt, ferric chloride, when 
injected  into  the  blood  stream  rapidly  accumulates  in  an  area  of 
inflammation, where the  substance is fixed and fails to  drain to  the 
tributary lymph nodes.  Subsequent experiments (6, 7) demonstrated 
that repeated daily intravenous injections of ferric chloride in rabbits 
were  followed by  an  accumulation  of  iron  in  tuberculous  areas  of 
lungs.  The  iron  was  shown  to  accumulate  in  the  caseous  areas  of 
tubercles.  The above experiments suggest that the accumulation of 
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iron in tuberculous areas may alter the character or course of develop- 
ment  of the disease. 
EXPERIMENTAL 
Bovine tuberculosis was induced in weighed rabbits by the intravenous injec- 
tion of 0.001  rag.  of a  saline suspension of Ravenel strain.  26  days later the 
animals were divided into two groups.  One group was kept to serve as control. 
Intravenous injections of 0.25 per cent ferric chloride were started in the other 
group as follows: 1 cc. on the 1st day; 2 cc. on each of the 2 following consecutive 
days; 4 or 5 cc. on each of the next 6 days; and 6 cc. on almost each of the succes- 
sive days for a  period of about 2 weeks.  Subsequently, injections of the ferric 
salt (6 cc. each time) were made every other day for a  period of 6 weeks.  The 
ferric salt solution was kept on  ice when not in use.  It was  gently heated be- 
fore each intravenous injection.  The latter were always given very slowly. 
Both groups of animals were weighed every week during the course of the iron 
injections  The weighing was always performed at the same time of day.  The 
animals were so distributed that usually two or three rabbits were kept in a cage. 
As a rule a  control tuberculous animal was kept in the same cage with an experi- 
mental animal in  order to  standardize environmental  conditions as  closely as 
possible.  When a rabbit died an autopsy was performed.  Usually specimens of 
lumg , liver, spleen, and kidney were fixed in 10 per cent formalin and stained with 
hematoxylin and eosin for microscopic examination.  Only one animal (Rabbit 
2-07) showed intense coccidial infection in the liver superimposed on its induced 
tuberculosis.  Control Rabbit 2-14 revealed an unusually large caseating tuber- 
culous focus in the marginal ear vein with pronounced thrombosis of the vessel. 
This area represented the original site of inoculation with tubercle bacilli. 
The total amount of ferric chloride injected in each rabbit varied from 49 to 
:238 cc. of a 0.25 per cent solution.  It was found in the course of this investigation 
that ferric chloride in the concentrations used is toxic for some rabbits.  Injec- 
tion in these animals may be followed by immediate death.  Slight warming of 
the ferric chloride solution and slow injection failed to prevent such accidental 
fatalities.  It was found, however, that small initial doses of the ferric salt evi- 
dently increase the tolerance of the animal, so that subsequently, considerably 
higher amounts can usually be injected intravenously without any untoward effect. 
Rabbits which developed signs of upper respiratory infection were discarded. 
Two rabbits died 3 weeks after inoculation with tubercle bacilli.  The gross ap- 
pearance of the lungs showed definitely that death was not due to tuberculosis 
but rather to a  pneumonic process.  These two rabbits were discarded from the 
aeries.  One animal with an upper respiratory infection which had received two 
small doses of ferric chloride died immediately after the third intravenous injec- 
tion.  It appears as if animals with superimposed infection tolerate very poorly 
intravenous injections of the ferric salt. 
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with 0.001 mg. of bovine Ravenel strain  of tubercle bacilli.  These six animals 
were not injected at the same time as the remaining ten rabbits of the series. 
Rabbits 1-50, 5-51, and 5-55 served as controls to Rabbits 1-46, 5-96, and 5-14. 
Daily injections of the ferric salt were begun at a later stage of the disease i.e.  1 
month to 40 days after inoculation with tubercle bacilli; and these injections were 
kept up for a shorter interval than in the remaining rabbits of the series.  Periodic 
weekly weights were not recorded in the six forementioned rabbits.  Furthermore, 
the weights of Rabbits 5-55, 5-96, and 5-14 as shown in Table I were obtained 
several weeks before inoculation with tubercule bacilli. 
The results of all the experiments may for convenience be listed in 
three separate groups as follows:  (1)  Correlation in both control and 
experimental animals of changes in weight with time.  (2)  Compari- 
son of the survival time in both groups.  (3)  Pathological appearance 
of some of the organs, notably the lungs in both control and experi- 
mental rabbits at the time of death. 
1.  The  weight  changes  in  the  control  and  experimental  animals 
are plotted on Chart  I.  The individual weights at the outset of the 
experiments  showed  definite  variations,  but  it  is  clear  that  these 
initial differences were more or less evenly distributed between control 
and  experimental  groups.  The  control  group  showed,  in  all  cases 
but one,  an  initial  increase  in  weight  followed by  a  sharp  decline 
terminating  in  death.  With  the  exception  of Rabbit 2-14  (V  1)  the 
dedine  in weight  of each  control  rabbit began  about 4  weeks after 
inoculation with tuberde bacilli at the time when injections of ferric 
chloride were started  in  the experimental  group.  In  the latter  (ex- 
cepting  Rabbit  2-07  (VII))  a  steady  increase  in  weight  continued 
during  part  of  the  period  of  ferric  chloride  injections.  At  a  time 
when most of the control animals were already dead the experimental 
rabbits for the most part were attaining a maximum weight far above 
that  which  had  been  reached  by any of the  controls.  Toward  the 
end  of  the  period  of  ferric  chloride  injections,  a  decline in  weight 
began.  This  fall became abrupt  after  the  injections of iron  ceased 
and terminated in the death of the rabbit. 
2.  A  comparison of the results in the survival time of control and 
experimental  rabbits is shown in Table I.  It is clear that if Rabbit 
2-14 in the control group and Rabbit 2-07  in the  experimental  group 
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be excluded,  life was distinctly prolonged in  tuberculous rabbits  re- 
ceiving  repeated  intravenous  injections  of  0.25  per  cent  of  ferric 
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C~I:T  1.  Weight  changes of tuberculous rabbits  repeatedly injected with 
ferric chloride, and of control tuberculous rabbits. 
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chloride.  The average survival time in the control group was 61 days 
as compared with  109  days in the experimental  group.  This  repre- VALX mmKm  105 
sents an increase in the survival time of about 78 per cent in the latter 
group.  Furthermore it is seen from the table that generally speaking 
the  animals  which  received  the  larger  amounts  of  ferric  chloride 
tended  to  survive  for  a  longer  period  of  time.  This  relationship, 
however, was not found to be absolute.  Rabbit 2-07 (VII) is a strik- 
hug exception.  This animal, however, revealed at postmortem exam- 
ination a massive coccidial infection in the liver.  It is suggestive that 
this superimposed infection may have definitely shortened the course 
TABLE  I 
Effect of Ferric Chloride Injections on Tuberculous Rabbits 
Rabbit  No. 
1-50 
5-51 
5-55 
2-02 (IV) 
8-1  (i) 
2-06(III) 
2.o4(ii) 
2-14"* (V) 
Average .... 
Control animals  Experimental  animals 
Weight at 
beginning  of 
experiment 
gm. 
2,260 
2,100 
2,330 
2,700 
2,360 
2,770 
2,200 
Survival 
time after 
inoculation 
with  tubercle 
bacilli 
day~ 
69 
38 
40 
47 
49 
52 
79 
114 
61 
Rabbit No. 
1-46 
5-96 
5-14 
2-07* (VII) 
2-05 (VIII) 
2-85 (VI) 
2-s4 (x) 
2-13 (IX) 
Weight at  Amount  of 
beginning  0.25  per cent 
of  ferric 
chlofideln-  experiment  jected 
gin.  c¢. 
1,970  49 
1,900  95 
1,860  109 
2,640  142 
2,400  225 
2,740  226 
2,240  233 
2,290  238 
Survival 
time after 
inoculation 
with tuberch 
bacilli 
days 
88 
87 
84 
65 
123 
128 
168 
130 
109 
* Extensive coccidial infection in liver. 
** Marked cutaneous tuberculosis at point of inoculation in ear vein. 
of  the  tuberculosis  in  spite  of  ferric  chloride  injections.  Control 
Rabbit 2-14 lived 114 days.  This rabbit showed  along the marginal 
vein of the ear extensive caseating tuberculosis.  It is believed that 
faulty inoculation with tubercle bacilli may have caused fewer organ- 
isms to penetrate into the circulating blood stream,  thus accounting 
for the protracted course of the disease in its case.  This rabbit showed 
at no  time  the increase in weight  seen in  some of the  experimental 
animals (Chart 1).  At death its weight was also far below that of any 
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3.  A  study  of  the  morphological  appearances,  in  the  gross  and 
microscopically, of the lungs  in particular  and of some of the other 
organs  failed  to  reveal  any  striking  differences between  the  control 
and  the  experimental  animals.  Since  both  groups  of animals  were 
allowed to die with generalized caseating tuberculosis,  and since the 
organs were compared only at death,  the observations do not in any 
way rule out a  possible effect of ferric chloride on the rate of develop- 
ment  of  the  tuberculous  lesion.  Experiments  are  now  under  way 
upon this aspect of the problem.  Postmortem evidences in the present 
series of animals show that typical tuberculous lesions have developed 
both in experimental and control rabbits.  There is no definite indica- 
tion at autopsy that the tuberculous lesion is modified by the repeated 
injections of ferric chloride. 
A brief summary of a few typical protocols of the postmortem exam- 
ination (of the lungs in particular) is presented. 
Rabbit 1-50.--Control; survival time 69 days; lungs show massive  confluent 
caseating  tuberculosis  with  several  cavities;  microscopic  examination  reveals 
several caseating  areas with calcium  deposits; diffuse  mononuclear infiltration 
throughout lung parenchyma; no gross evidence of tuberculosis in liver and spleen; 
a few discrete loci in the kidneys. 
Rabbit 2-04.--Control; survival time 79 days; lungs moderately enlarged; large 
confluent caseating  tubercles at  base  with  considerable  adherence  to  parietal 
pleura.  Numerous discrete loci at apex; two cavities in lower lobe.  Microscopic 
section reveals many caseous loci with typical epithelioid and mononuclear phago- 
cytic cells at periphery; occasional invasion of bronchiole wall by tubercle.  Few 
small tuberculous loci in spleen.  Many caseating tubercles in left kidney. 
Rabbit 2-06.--Control; survival time 52 days; lungs show many patches of large 
caseous foci; small discrete tubercles in the remaining parts.  Microscopic section 
characterized by numerous small caseous foci some of which are adjacent to bronchi 
and have penetrated latter.  On another section large tuberculous foci with coarse 
deposits  of calcium in areas of caseation.  Both kidneys and spleen show many 
discrete tubercles. 
Rabbit 2-13.--Experimental; a total amount of 238 cc. of 0.25 per cent of ferric 
chloride injected; survival time 130 days; lungs definitely enlarged and congested; 
extensive confluent caseating tuberculosis at base; a large pus cavity at base of 
left lung; apices involved with caseating foci.  Microscopic examination reveals 
extensive engorgement of capillaries at periphery of tubercles; numerous confluent 
caseous areas containing large calcium deposits; diffuse mononuclear phagocytic 
cell infiltration in parenehyma surrounding caseous areas; slight fibroblastic  reac- 
tion around tubercles.  Hemosiderin-like  granules in spleen, liver, and to a slight 
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Rabbit 2-85.--Experimental;  a total amount of 226 cc. of 0.25 per cent ferric 
chloride injected; survival time 128 days; lungs distinctly enlarged and congested; 
left lung more involved than right one; shows extensive confluent caseating tuber- 
des; within some areas of caseation spots of brown pigmentation seen.  Right 
lung shows confluent tuberculosis at base and apex; cavity formation at base; 
discrete foci elsewhere.  Microscopic examination reveals larger number of caseous 
areas with capillary congestion  at the peripheries and with only very slight con- 
nective tissue proliferation.  Some caseous areas contain large calcium deposits; 
typical mononuclear phagocytic and epithelioid cells at the peripheries of caseous 
areas; diffuse lymphoid infiltration elsewhere; hemosiderin-like  granules seen in 
spleen, fiver, and to a slight extent in kidney. 
Rabbit 1-46.--Experimental;  a  total amount of 49 cc. of 0.25 per cent ferric 
chloride injected; survival time 88 days; lungs riddled with extensive caseous foci 
some of which are confluent; cavity formation at apices.  Liver black in appear- 
ance; spleen and kidneys reveal many caseating tubercles.  Microscopic examina- 
tion of lungs shows numerous large caseous tubercles many of which contain cal- 
cium deposits; extensive congestion and engorgement of vessels in some fields; 
some bronchi plugged with large amount of cellular exudate composed chiefly of 
polymorphonuclear and mononuclear phagocytic cells.  Liver cells loaded with 
fine brown hemosiderin-like granules; Kupffer cells also filled with similar deposits 
but coarser in appearance. 
DISCUSSION 
The foregoing series of experiments demonstrates that repeated intra- 
venous injections of ferric chloride are followed by a marked increase in 
the survival time of tuberculous rabbits.  During part of the period of 
these  injections,  animals  show  definite  increases  in  weight  exceed- 
ing any weights  attained in  the control group.  However both  con- 
trol  and  experimental  animals  die  of  generalized  tuberculosis  with 
typical lesions which at the time of death are practically indistinguish- 
able from each other.  It has been shown in previous communications 
(6, 7)  that such repeated intravenous injections of ferric chloride are 
followed by an accumulation of iron in the caseous areas of the lung. 
Whether or not the entire mechanism involved in prolonging the life 
of tuberculous rabbits is linked up with this accumulation of iron in 
the  tubercles remains  to be seen.  Experiments  are now under way 
to answer this question.  Furthermore it is conceivable that by vary- 
ing  the  infecting dose of tubercle bacilli,  the  concentration of ferric 
chloride, or the number of injections, even more striking results might 
be obtained.  Such experiments are also being conducted and will be 
reported in  a  future  communication.  Walbum  (8)  as  a  result  of a 108  IRON IN  TUBERCULOUS AREAS.  II 
study of tuberculous mice and guinea pigs reports that iron amongst 
many other metals has no effect on the disease, or at most one to delay 
it slightly, the animals dying of typical tuberculosis.  This investiga- 
tor injected his animals repeatedly with an iron salt,  either by the 
subcutaneous or  the intraperitoneal  route.  In  previous studies on 
inflammation (4, 5, 9)  it has been shown by the writer that foreign 
substances as e.g. dyes, iron, proteins, or bacteria injected into an area 
of subcutaneous or peritoneal inflammation are fixed in situ and fail to 
disseminate readily into the regional lymphatics.  In view of this it is 
quite likely that repeated subcutaneous or intraperitoneal injections 
of iron,  which acts  as  an  inflammatory irritant  at  the point of its 
injection, may fail to produce the same results elsewhere in the body 
as those obtained by the intravenous route. 
CONCLUSIONS 
Repeated intravenous injections of ferric chloride are followed by 
an increase in the survival time of tuberculous rabbits.  In the par- 
ticular series of experiments reported this increase amounts to about 
78 per cent over the average survival time of control rabbits. 
Tuberculous  animals  repeatedly  injected  with  ferric  chloride 
increase in weight during part of the period of these injections.  The 
level reached in the series studied markedly exceeds that attained by 
control rabbits. 
Both  control and experimental animals die of generalized  tuber- 
culosis.  There is no indication at the time of death of any differences 
in the degree of pathological involvement between the two groups of 
animals. 
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